LiZnN, like other Nowotny-Juza filled tetrahedral A'B"C compounds, consists of 'a 8'C zinc-blende lattice with the A atoms filling half of the available tetrahedral interstitial sites. Using band calculations we deduce an "interstitial insertion rule" which shows, following an earlier argument of Wood, Zunger, and de Groot, how the electronic structures of such ternary compounds constitute recognizable distortions of those of the underlying zinc-blende B"Cv material. The s, p, and d components of the electronic charge density at the tetrahedral interstitial sites of the zinc-blende structure are shown to play a decisive role in understanding quantitatively these distortions.
density at the tetrahedral interstitial sites of the zinc-blende structure are shown to play a decisive role in understanding quantitatively these distortions.
Filled tetrahedral semiconductors (FTS) are zinc-blendelike compounds in which one or both of the normally empty tetrahedral interstitial sites (i.e. , site V, nearest the anion, or site V, nearest the cation) are occupied by an atom. The Nowotny-Juza compounds' 3'8"Cv (e.g. , LiZnP), comprise a special class of such FTS; they can be viewed structurally2 ( Fig. I ) as consisting of a binary zinc-blende lattice (8"Cv) consisting of 8" at the origin 7~= (0, 0, 0) and Cv at r2= ( 4, 4, 4 ), interpenetrated by a lattice of closedshell ions (A')+ at the tetrahedral interstitial sites V, at r, =(2, 2, -, ) or V, at 7, =(~, 4, 4), measunng all dts- semiconductors in the sense that they can be viewed conceptually as resulting from a "nuclear disproportionation"
of the column III cation (e.g. , Ga in GaP) into a 8" cation (e.g. , Zn) at rt and an 2' cation (e.g. , Li) at r, or r, In this work we provide a simple rule which describes qualitatively the band structure of FTS as recognizable distortions of the bands of the parent zinc-blende compound.
Recently, Wood, Zunger, and de Groot calculated the first electronic band structure for a Nowotny-Juza compound (LiZnP) and found it to be a direct-band-gap semiconductor, despite the fact that its "binary analog" (GaP) is a strongly indirect-gap material.
Using the tools of selfconsistent band theory and the ab initio total energy minimization method they examined the principles determining the electronic structure (e.g. , the occurrence of direct versus indirect gaps) of the FTS and the modifications away from that of the parent zinc-blende material.~Following WZD, we wish to emphasize that conduction-band states of both real zinc-blende semiconductors (e.g. , III-V) that it is a direct gap material since insertion of Li+ (isoelectronic with He) into the interstitial site of (ZnP) (isoelectronic and isostructural with GaP) pushes upward , the conduction bands at Xmore than I~.
In the present work we extend this study to a different member of the Nowotny-Juza compounds, LiZnN. .Our aim is twofold: (i) Since Al and Ga binary zinc-blende phosphides (A1P,GaP) are indirect-gap materials, but their nitrides (A1N, GaN) are direct-gap systems, it is interesting to see whether the same rule that governs the conduction-band structure of ternary phosphides (e.g. , LiZnP) also applies the ternary nitrides (e.g. , LiZnN); (ii) in some of the ternary nitrides (e.g. , LiMgN) the A' atom does not order on either the V, or V, sites, but remains statistically distributed, ' implying a small energy difference between the sites. We then wish to determine the site-preference energy as well as the insertion energy.
We have applied the nonrelativistic augmented-spherical wave method to V,ZnNLi and LiZnN V, using the observed LiZnN lattice constant' a =9.2162 a.u. We use the HedinLundqvist exchange-correlation functional and equal sphere radii (r =2.2689 a.u. ) for all four (Zn, N, V"and V, ) ZA, 3d 5 0 0 """""'-"-""""' """"'""'""''-' Since the I~state has significant amplitude at both V, and V"substitution at either site raises the energy of I~. However, since the conduction bands at L for zinc-blende compounds have relatively much more interstitial charge than do those at I, the former are more strongly perturbed by interstitial substitutions than are the latter. As a result the "degree of band-gap directness" (i.e. , the amount by which the lowest conduction band at X is higher than at I') increases by closed-shell atom substitution of, say, the V, site. This confirms the rule deduced by WZD in their earlier work on LiZnP. and substantiates its generality.
The rule governing the distortion of the conduction bands of a zinc-blende system through interstitial substitution of a closed-shell species can be further refined by considering the decomposition of the interstitial charges Q, and Q, into s-like (Q, ', Q, ') and non-s-like (i.e. , p and 1character, denoted Qt' and Qt' ) components about the respective interstitial sites. This is depicted in Fig. 3(a) 
